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The work described in this report was performed in support of an overall program at the Transportation Systems Center designed to develop and evaluate Alcohol Safety Interlock Systems (ASTS). This report contains the results of an experimental and analyt ical evaluation of instruments and techniques designed to prevent an intoxicated driver from operating his automobile.
The proto type ASIS units tested were developed both by private industry and by the Transportation Systems Center; all were drawn from a class of instruments which detect intoxication by measuring changes in a subject's ability to perform a psychomotor task. The report consists of the following documents:
Volume I , Summar y Re p ort -A summary of the ASIS evaluation work performed through July 1972. It includes a discussion of the factors considered in selecting candidate devices for testing, the recruitment of human subjects, the experi mental techniques used, the criteria used to rate the per formance of the devices, and the findings of the evaluation. 
ASIS CONCEPT
As part bf its program to develop methods of reducing the number of alcohol-related traffic accidents, the U.S. Department of Transportation (DOT) is investigating the efficacy of Alcohol Safety Interlock Systems (ASIS). As currently envisioned, these systems are intended to perform two functions:
a. Automatically determine whether the driver is intoxicated.
h.
Prevent the driver from operating his vehicle if he is intoxicated.
For the purposes of this report, the term "intoxicated" refers to the physiological and psychological condition of a person with a blood alcochol level (BAL) equal to or greater than DePry reported a 14% increase in error rate over sober performance for a given individual at moderately high (.07% to .08%) BAL's, implying that determination of the within-and between-subject variability in performance will be a major factor in assessing the usefulness of the technique.
The General Motors Corporation response described an ASIS that measured performance on a divided-attention task, which requires rapid memorization of a five-digit display and rapid keyboard entry of the number. During keyboard entry, the driver's attention is momentarily diverted by a visually presented command for a brake-pedal response. This ASIS was obtained from GM;
the results of a laboratory evaluation are discussed in the appendix.
A third type of divided-attention task, requiring simultaneous performance of a two-choice complex-reaction task and a tracking task, was developed and fabricated by TSC for evaluation as an ASIS. Both tasks utilize visual stimuli and manual responses.
This device was tested in the laboratory evaluation programs; the results are discussed in the appendix. This divided-attention task was later revised and a complex-reaction task which required response to stimuli in the visual periphery substituted. This re vised device is expected to be included in the next scheduled laboratory evaluation.
Performance on a divided -attention task as a measure of 6 , intoxication may have some inherent drawbacks; 1n general, the component tasks are necessarily not simple, and successful perfor mance of the resulting complex task may require extensive training, or even be beyond the sober ability of many of those driving. results are discussed in the appendix.
Measurement of

3. 4 Measurement of Performance on a Com p ensatory-Tracking Task
While compensatory·tracking was suggested by only one respon dent, there is evidence in the scientific literature that perfor mance on such a task is affected by the ingestion of alcohol. Tn laboratory studies, degradations in compensatory-tracking perfor mance due to alcohol intoxication have been observed by Mortimer 2 and Gibbs 3 .
Compensatory tracking tasks require the centering of a moving element which is driven by a random, pseudorandom, or preprogrammed forcing function. Performance on a compensatory-tracking task depends on the operator's response latency, decision latency, con trol precision, and vigilance. The task is easily learned and 11as
often been used to assess psychomotor performance.
No ASIS based on this technique was commercially available at the beginning of the laboratory evaluat ion. TSC developed and In simple jump-reaction tasks, the subject is required to make a simple motor response as quickly as possible after the occurrence of a stimulus. Only one specific stimulus occurs and only one type of response is required. Testing of jump-reaction time is easy, and has good face validity for deter mining driving ability.
The Nartron Corporation described a device (Safe lock) which uses the individual's jump-reaction latency to determine whether the driver is sober or intoxicated. The assumption in this design is that intoxication will result in a high response latency. A second device, developed by Robert D. Smith (QuicKey) , compares the reaction time of an intoxicated individual with his previously determined sober response level. The device is calibrated to the user, and from this calibration a response latency band is estab
lished.
An individual who responds significantly more slowly than the calibration score is assumed to be intoxicated, and fails.
Responses which are considerably faster than the calibration are considered indicat ive of an attempt to circumvent the test by substituting another individual, a chance response, or evidence of erratic performance.
Since both devices measured the same type of performance, and the QuicKey was described as being sensitive to both increased latency and increased variability of latency, only the QuicKey was included in the laboratory evaluation. The results of the evaluation are discussed in the appendix. The technique has the disadvantage that measurements of flicker fusion are known to be sensitive to variables other than alcohol, such as ambient light, fatigue, and illness. However, the tech nique is simple and uses an easily learned task.
One of the respondents, Creare, Inc., constructed a device utilizing this effect to detect intoxication. In practice, the driver is required to indicate whether the target is flickering or steady. If the driver is incorrect on more than some preset number of trials, he is considered intoxicated. This device was included in t�e laboratory evaluation; the results are discussed in the appendix.
2.3.8
Measurement of Res p onse Coordination
Two respondents suggested measurements of response coordina tion as an ASIS technique. One organization, TDL, described a de vice, the Drunk-Driver Eliminator (ODE), which they have developed as a candidate ASIS. In operation, the driver performs a simple sequential key/brake-pedal task. The driver must turn the igni tion key and then immediately depress the brake pedal. A long response latency or inversion of the order of movements is taken to indicate intoxication.
The ASIS described by TDL appears to be simple, very inex pensive, and easily installed in any present vehicle. Although insufficient information was available to allow prediction of the utility of the DOE as an ASIS, the extreme simplicity of the de vice and its unique nature evoked interest. Therefore, the device was obtained and included in the evaluation. The results are discussed in the appendix. The results of the evaluation of this device are discussed in the appendix.
3.
LABORATORY EVALUATION
In order to determine the efficacy of the various ASIS devices described in Section 2, a laboratory evaluation was carried out.
It included pilot studies, instrument-screening tests, and testing to establish BAL/per formance relationships .
1 PILOT STUDIES
Research in this segment of the evaluation served to estab lisl1 adequate procedures for subj ect recruiting, ilandling.
safety, training and performance testing. alcohol exposure, and alcohol-level determinations. Subj ects represented two basic groups: social subj ects (paid volunteer drivers of at least 21 years of age) and Registry subj ects (drivers convicted of driving wllile intoxicated, identified through lists prepared by the Massachusetts Registry of Motor Vehicles).
In Massachusetts, at the time of the study, individuals were rarely convicted of driving while intoxicated if they had BAL's of less than 0.18%. Therefore, it was expected that the Registry subj ects would be experienced and heavy drinkers. This was borne out in the laboratory evaluation.
Subj ects were required to practice intensively on all devices until they had reached a predetermillcd performance criterion or had completed a preset number of trials.
Subj ects ingested low-congener alcohol mixed with fruit juice 1n quantities calculated to reach average peak alcohol levels ranging between 0.10% and 0.22%. 
PHYSTESTER -Developed by the Delco Electronics Division
of General Motors, this unit requires that the driver perform a divided-attention task to start his vehicle.
The driver must first enter a combination on a touch-tonetype keyboard. If he does this correctly, a random fivedigit number is displayed. The driver must rapidly memo rize this number and enter it on the keyboard. At some time during this process a visual stimulus signaling a required brake application will appear on the display.
The subject must promptly depress the brake pedal while continuing to enter the number. Failure to perform any The reivew also revealed a number of principles which might be suitable for an ASIS, but had not been tried out. Three ASIS prototypes were developed by TSC to allow testing of these principles.
The following paragraphs briefly describe these TSC developed units. 
COMPENSATORY-TRACKING TESTER -
3.2.2
Procedure
The screening tests were designed to determine the accuracy with which the techniques embodied in the candidate devices measured intoxication. For these tests social subjects and Registry subjects, as described earlier, were trained in the operation of each candidate device over a period of 1 to 3 days, depending on the device. Subjects were then tested at various blood-alcohol levels on each of the devices.
The tests were conducted in the following manner. After entering the experimental area, subjects were tested for BAQ, and initial tests were made of their performance on the ASIS de vices they had been trained on. Next, experimental subjects re ceived neutral spirits alcohol mixed with the fruit juice of their choice. Control subjects received fruit juice alone.
Twenty minutes later, testing on the candidate devices was resumed; it continued for approximately 40 minutes. �1idway in the 40-minute period, a BAQ determination was made. Exactly one hour after the administration of the first drink, the second drink was administered. Twently minutes later, performance testing resumed, with BAQ determined midway in the testing period. One is hour after the second drink, a third was administered and the cycle repeated. The peak alcohol levels (approximately 0.11% BAQ) were reached after the third drink. For the next three hours no alcohol was administered, but the performance testing and BAQ determina tions were continued. The experimental design is discussed in detail in the appendix.
Results of Screening Tests
The purpose of these experiments was to determine how closely the subject's performance on each candidate device correlated with blood alcohol level. Pearson-product-moment coefficients of correlation (r) between an appropriate index of subject performance and the BAQ for each subject at the time of the performance were mance data to achieve the greatest difference in the percentage of no-starts between sober and intoxicated subjects, commensurate with a sober failure rate of less than 10%.
Por the Complex-Reaction Tester, the Compensatory-Tracking
Tester, and the Phystester, failure of more than one out of three trials was a no-start. For the QuicKey. failure to achieve a reaction latency within the window representing sober performance within two minutes was a no-start. Figure I depicts As may be seen from the figure, the two devices which use universal thresholds have similar no-start different ials of 22% (the difference between the percentage of no-starts for intoxicated subjects, or correct rej ect ions, and the number of no-starts for sober subjects, or incorrect rej ections). An obvious method of circumventing an ASIS requiring indi vidual pass/fail thresholds is to "hold back" during training so that a spuriously low . threshold will be set. This problem was investigated during the High-BAQ Series of tests. Subjects were requested to attempt to hold back, and they were generally succes sful. Therefore, if techniques requiring individual thresh olds are used, care must be devoted to eliminating IIj iggery pokery" during the establishment of these thresholds.
Other data gathered during these experiments are relevant to the implementation of an ASIS program. As far as the drinking history of subjects is concerned, it was found that Registry subj ects (having a history of at least one arrest for dr iving while intoxicated) performed no better or worse than social subj ects.
Gender had no statistically significant effects upon perfor mance on any of the devices tested. The age of subj ects did play a role in performance , but this was eliminated by improved train ing procedures. IQ scores were correlated with performance on the Complex-Reaction Tes ter , but this seems to be a margina lly significant effect and may be an artifact.
\,/h ile alternate pass/fail strategies and start/no-start criteria were explored , it was found that using different strate gies or criteria simultaneously increased or decreased the number of sober and intoxicated no -starts by an essentially constant fac tor. [or sober subj ects and 6 1 . 9 ' for the same subjects when very intoxicated (BAQ � .18%) were recorded .
